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Approximately 1% of long-bone fractures are associated with a
vascular injury [1,7,11,15]. The presence of penetrating trauma
carries an occult vascular injury risk ranging from 6 to 28%
[2,3,16,17]. Numerous diagnostic examinations are available to aid
the clinician in reaching a diagnosis in patients suspected of having
a vascular injury including arterial pressure index (API), Doppler
ultrasonography, computed tomography arteriography (CTA), and
direct exploration [4,13,14,18,20,22]. One of the most common,
expeditious, reliable, sensitive and speciﬁc examinations is the API
[13,14]. There are, however, certain situations in which the API is
unreliable, i.e. in patients with peripheral vascular disease,
traumatic injuries which preclude placement of a blood pressure
cuff, and vascular injuries without distal extension (profunda
femoris artery). In addition, the presence of missed occult vascular
injury (such as intimal ﬂaps/tears, ﬁstulas, or aneurysms) has been
well-documented [16]. While these missed occult lesions often
require no surgical treatment other than close observation, there is
the potential for continued hemorrhage with limb and life
threatening scenarios. Despite this risk, many studies argue
against the need for further diagnostic testing in the setting of a
normal physical examination and API’s, citing the number of
lesions requiring surgical treatment within the subset of occult
vascular injury is too low to warrant the need for an initial
aggressive work-up [8,9,12,23]. We present two cases of gunshot
wounds to the proximal thigh/buttock region resulting in
comminuted intertrochanteric/subtrochanteric femur fractures
who presented with normal physical examinations and APIs.
Given current literature recommendations, these patients were not
worked up further but later were found to have missed arterial
injuries requiring further intervention.* Corresponding author. Tel.: +1 336 782 4367; fax: +1 336 716 3861.
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2.1. Case 1
A 30-year-old male presented with a gunshot wound to the
right buttock region as a Level II trauma code after transfer from an
outside facility. He had reported hypotension in route which was
responsive to ﬂuid resuscitation; his systolic blood pressure on
arrival was 140/60 mmHg with a heart rate of 100, and his
hemoglobin was 10.8 g/dl. On physical examination, an entry
wound through the posterior buttock region was noted on the right
lower extremity. Distal motor and sensory function was intact. The
patient had symmetric dorsalis pedis and posterior tibialis pulses
with equal lower extremity opening systolic pressures between
100 and 105 mmHg. Initial radiographs demonstrated a right
comminuted subtrochanteric femur fracture (Fig. 1). He required
no further ﬂuid resuscitation in the emergency department, and
after an otherwise normal workup and clearance by the general
surgery trauma service, he was placed in skeletal traction and
admitted to the orthopedic service. Prior to surgery, the patient’s
hemoglobin dropped from an admission level of 10.8 to 6.6 g/dl. On
hospital day three, he underwent open reduction and internal
ﬁxation with a proximal femoral locking plate (Figs. 2 and 3). Given
the patients precipitous pre-operative hemoglobin drop, interven-
tional radiology was consulted, and a CT angiogram of the right
lower extremity was performed on post-operative day number
one. Because this angiogram was suspicious for a transection of the
right profunda femoris artery, a right common femoral artery
angiogram with runoff was obtained. This angiogram conﬁrmed an
acute occlusion of the mid profunda femoris below the second
major branch with transection of the mid profunda femoris and
ﬁlling of a hematoma surrounding the blood vessel. The transec-
tion was successfully embolized; the patient stabilized hemody-
namically and was discharged without further complications.
2.2. Case 2
A 30-year-old female presented as a Level 1 trauma after
multiple gunshots to the neck and right buttock region. On arrival,
the patient was hemodynamically normal with an initial blood
pressure of 138/78 mmHg and heart rate of 95. She was noted to
have an entry wound about her right posterior buttock with
obvious deformity of her right upper thigh. Motor, sensory, and
Fig. 1. (Case 1) Preoperative anteroposterior radiograph of pelvis showing
comminuted subtrochanteric/intertrochanteric femur fracture and retained
metallic bullet fragments.
Fig. 3. (Case 1) Postoperative lateral radiograph of right femur showing ﬁxation of
comminuted subtrochanteric/intertrochanteric femur fracture with locking plate.
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symmetric with the contralateral side. Documented API of the right
leg was 1.25, and her hemoglobin on arrival was 13 g/dl. Initial
radiographs revealed a comminuted subtrochanteric femur
fracture. The patient was placed in skeletal traction with
subsequent admission to the general surgery trauma service for
observation, monitoring, and resuscitation. On hospital day two,
the patient went to the operating room for open reduction and
internal ﬁxation of the subtrochanteric femur fracture with aFig. 2. (Case 1) Postoperative anteroposterior radiograph of right femur showing
ﬁxation of comminuted subtrochanteric/intertrochanteric femur fracture with
locking plate.proximal femoral locking plate. Routine post-operative monitoring
demonstrated a hemoglobin of 6.9 g/dl, which prompted transfu-
sion of two units of packed red blood cells (PRBCs); the post-
transfusion hemoglobin was 7.0 g/dl. She subsequently received
two units of PRBCs on two more occasions with inadequate
responses. Given her lack of appropriate response to blood
products, a CT angiogram with aorta-illiofemoral runoff was
obtained on post-operative day two which revealed a large vastus
lateralis hematoma. However, the study was inconclusive for
active arterial extravasation. An aortogram with femoral runoff
was subsequently obtained demonstrating signiﬁcant active
extravasation from a small profunda branch originating directly
from the common femoral artery. Embolotherapy was performed
with a single ﬁbered embolic coil; post-embolization angiography
veriﬁed total cessation of ﬂow. The patient subsequently stabilized
and was discharged without further complications.
3. Discussion
The overall incidence of vascular injury in extremity trauma is
low [1,7,11,15]. There is compelling evidence that proximity-
related penetrating trauma (i.e. penetrating injuries occurring in
proximity to named vascular and neurologic structures) does not
require routine arteriography and can be detected with physical
examination and API’s [5,6,8,10,19,21,24]. Further, documentation
of a normal physical examination and API on arrival decreases the
likelihood of arterial injury requiring intervention (such as spasm,
intimal ﬂap, etc.). However, based on these two cases, clear,
consistent, and well-established evaluations with these modalities
alone were not reliable in identifying signiﬁcant underlying
arterial injuries.
Anderson et al. recommends arteriograms in certain high risk
patient populations, including patients with penetrating injuries to
the posterior and medial thigh regions [2,3]. In their experience, 9% of
penetrating injuries to this area were associated with arterial lesions
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arteriography for penetrating thigh trauma with attempts to predict
vascular injury based upon presenting symptoms, physical exami-
nation, and radiology [21]. Overall, they found 50 patients with a
documented arterial injury for an overall incidence of 6.2%. Twenty of
these patients had occult injuries only discovered on angiography
[21]. They found no correlation between arterial injury and presence
of fracture. Hard signs of vascular injury (pulse abnormality, pulsatile
bleeding, and expanding hematoma) carried the highest associated
risk of vascular injury, along with presence of a medial entry tract.
Secondary to this data, CTA and/or arteriography is not routinely
performed at our institution as part of the initial work-up and
screening in the setting of proximity related penetrating trauma with
normal physical examination and API. However, as is clearly
documented, the physical examination and API are only useful for
detecting vascular injury to the ‘main’ vascular system. As the
profunda femoris and its branches have no vascular connection
distally, they cannot routinely be diagnosed at initial evaluation
without advanced imaging or testing. Herein is the crux of the
argument in that the current body of literature does not support the
routine use of advanced imaging/examination when evaluating
proximity-related penetrating trauma (though this may be the
standard at some institutions). However, there are certainly
limitations to physical examination and API in certain clinical
situations.
Over a 1-year period, one-hundred and sixty-seven intertro-
chanteric and subtrochanteric fractures were treated at our
institution. During this same time period, three (1.8%) of these
fractures were associated with a gunshot wound, of which two
resulted in vascular injury not initially diagnosed by the gold
standard assessment of physical examination and API. While API in
conjunction with physical examination does indeed reach near
perfect sensitivity and speciﬁcity in diagnosing those ‘‘main’’ life
and limb-threatening vascular injuries upon initial assessment,
there are certain situations that are undoubtedly missed given the
nature of the vascular injury (such as in our case examples). While
the literature reports relatively low incidence of this occult
vascular injury in penetrating trauma to the thigh, our experience
with penetrating trauma to the upper thigh with concomitant
proximal femur fracture demonstrated a remarkably high inci-
dence of occult vascular injury. We therefore conclude that a high
index of suspicion for occult vascular injury associated with
proximal femur fractures (intertrochanteric and/or subtrochan-
teric) resulting from penetrating trauma is required and may be an
indication for routine use of advanced imaging/examination (CTA,
arteriography, etc.) despite normal physical examination and API.
4. Conclusion
While the literature supports the concept that penetrating
injuries in proximity to vascular structures does not necessarily
mandate further evaluation, there are instances when further
work-up may still be warranted. Given our recent experience with
these cases, penetrating injury in association with proximal femur
fractures is one of those situations, where a high incidence of
vascular injury requiring intervention was found despite normal
initial screening parameters. We therefore conclude that while the
majority of proximity related penetrating injuries with normal
physical examination and API do not require further work-up,
further imaging (CTA, arteriography, etc.) should be obtained in
penetrating trauma in association with proximal femur fractures
given the high incidence of occult vascular injury. In addition,
given the high incidence of pseudoaneurysm and/or arteriovenous
ﬁstula formation with these injuries despite treatment, werecommend delayed vascular evaluation with Doppler ultrasound
within 12 months.
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